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1. 碳化硅纳米管中存在 π 轨道倾角使得竖键和平键上未参与杂化的 p 轨道易重合，
较大的电荷密度和较强的原子间作用，导致这两种键长比斜键短，存在两种 Si-C 键。 
2. 碳化硅纳米管中 近邻的两个硅原子间容易成键，而 近邻的两个碳原子间则不





5. 新型氮化硼纳米片均为宽带隙的半导体，其带隙值在 3.8034.202 eV，对紫外光波
段有较强的吸收，而在红外和可见光波段几乎没有吸收，因而有望作为潜在的光电功
能材料，应用于太阳能转化和防紫外光辐射。 
6. SiO2 纳米管的带隙值为 5.7576.123 eV，呈现绝缘体性质；GeO2、SiS2 和 GeS2 纳


















Nanomaterials have novel structural features, special physical and chemical properties, 
and have potential applications in optics, electrics, magnetism, catalyst carriers, sensors, 
drug carriers and slow-release. Silicon carbide nanotubes are wide band gap 
semiconductors with high fusion point, high hardness, high thermal conductivity and 
radiation resistance, which are suitable for use in extreme environments. Boron nitrides 
possess excellent chemical stability, electrical insulation, high thermal conductivity and 
high hardness. SiO2, GeO2, SiS2, and GeS2 are typical IV-VI compounds, and can be used 
in such areas as glasses, ceramics, electronics, optics, communication, and cutoff devices 
due to their outstanding electronic and optical properties. The structures and properties of 
low-dimensional nanostructured materials are less understood due to the limitations of the 
experimental methods and techniques. It is, therefore, not only helpful to study and predict 
the unique properties of these materials by first-principles calculations, but also meaningful 
to design functional materials with low-dimensional nanostructures. Based on the 
first-principles calculations, the structural, electronic, physical and chemical properties of 
the single-walled silicon carbide nanotubes (SiCNTs) and their hydrogenated derivatives, 
the boron nitride (BN) sheets, and AB2 (A=Si, Ge and B=O, S) nanotubes were explored in 
this work. The main results are summarized as follows: 
1. The decreased π-orbital inclination angle would increase the coincident degree of the 
unhybridized p orbitals of vertical bond and horizontal bond, which may increase the 
electron density of these two bonds and then strengthen the bonding interactions of 
between these two bonds, respectively, leading to slightly shorter bond length in these two 
bonds compared to the oblique bonds, illustrating the existence of two types of Si-C bonds. 
2. The nearest Si atoms may tend to form Si-Si bonds in SiCNTs, while the nearest C 
atoms may not be able to form bonds, which forces the Si atoms moving along the tube 
axis and C atoms moving to the opposite direction. As a result of these movements, the two 















3. The full hydrogenation of SiCNTs results in a wide band gap of about 4.0 eV for both 
zigzag and armchair SiCNTs, while most of the Si- or C-hydrogenated SiCNTs are 
showing metallic properties. These tunable electronic properties arising from the 
hydrogenating patterns, as well as the degrees for (n, 0) and (n, n) SiCNTs, are promising 
for the realization of the one-dimensional SiC materials-based electronic devices.  
4. The full hydrogenated zigzag SiCNTs are the most stable among these hydrogenated 
tubes, accordingly, the chemisorption and desorption of H2 on the zigzag SiCNTs occur 
less energetically. Due to the relatively weaker chemisorption energy in the armchair tube, 
it may be promising for hydrogen storage. 
5. The newly designed boron nitride (BN) sheets are wide band gap semiconductors, and 
the predicted band gaps are 3.8034.202 eV. These BN sheets demonstrate a strong 
absorption behavior in a quite wide UV region, but almost no absorption in infrared and 
visible regions, suggesting that they have potential applications in optoelectronics, energy 
conversion and UV-light protection. 
6. The SiO2 nanotubes are predicted to be insulators with the large band gaps 
(5.5756.123 eV), while the GeO2, SiS2, and GeS2 tubes are semiconductors and the 
predicted band gaps are 2.9633.106 eV, 2.0132.498 eV, and 1.1621.636 eV, 
respectively. The four types of nanotubes generally exhibit strong absorption in UV regions, 
which may become potential candidates for the short-wavelength optoelectronic device and 
UV-light protection.  
 






















































































来描述，其中 n 控制纳米管的大小，m 控
制纳米管的螺旋角 θ。 
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图 1.1 单层碳化硅片上基矢的选择 
与碳纳米管不同，碳化硅纳米管是由 Si 和 C 两种不同的原子组成的，因此其排
列方式并不是单一的，而排列方式的不同对纳米管的结构和稳定性的影响也不同。
Menon 等人[16]和 Alam 等人[17-18]都对碳化硅纳米管中的 Si 和 C 的排列方式进行了研
究，其中 Alam 在 Menon 提出的两种排列方式的基础上提出了第三种排列方式(见图
1.2)。如图 1.2 所示，第一种排列方式是每个 Si 与 3 个 C 相邻，反之，每个 C 与 3
个 Si 相邻；第二种排列方式是每个 Si 与 1 个 Si 和 2 个 C 相邻，反之，每个 C 与 1
个 C 和 2 个 Si 相邻；第三种排列方式与第二种类似，唯一的区别是 Si 和 C 在基矢方
向上是交替排列的。 
 




















碳纳米管中，C 原子通过 sp2 杂化与相邻的 C 原子形成 σ键，而每个 C 原子上的
未参与杂化的 Pz 电子则相互间形成了离域的 π 电子键，使整个碳纳米管成为一个大
的共轭体系，从而具有了较好的稳定性。硅纳米管中，Si-Si 键长较长，为 0.225 nm[19]，


















当 Si/C=1，且 Si 和 C 的排列方式相同时，纳米管卷曲方式的不同对其稳定性也
产生影响。Alam 等人[17-18]对扶手椅型和锯齿型碳化硅纳米管的能量进行计算，结果
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